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METHODS OF USING SEALANTS IN MULTILATERAL JUNCTIONS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the completion of subterranean well bores 
in a multilateral well system. More particularly, this invention relates to the sealing of junctions 
between lateral well bores and a parent well bore. 

[0002] Operators seeking to produce hydrocarbons from subterranean formations 
often employ multilateral wells. Unlike conventional vertical wells, multilateral wells have a 
series of lateral well bores that branch off a primary well bore, which is typically drilled 
vertically. Although multilateral wells are often more expensive to drill and complete than 
conventional vertical wells, multilateral wells are generally more cost-effective overall, as they 
usually have greater productive capacity and higher recoverable reserves. Because fewer 
multilateral wells than conventional wells are needed to recover the same amount of 
hydrocarbons, overall drilling and capital expenses may be reduced. In addition to being cost- 
effective, multilateral wells are also an attractive choice in situations where it is necessary or 
desirable to reduce the amount of surface drilling operations, such as when environmental 
regulations impose drilling restrictions. 

[0003] Although multilateral wells may offer advantages over conventional 
vertical wells, they may also involve greater complexity, which may pose additional challenges. 
One such challenge involves sealing junctions of well bores in the multilateral well system, for 
example, to prevent the infiltration of foreign matter into the multilateral well system. 
Infiltration of foreign matter can lead to a variety of problems. For example, if sediment around 
a junction is loose, it may enter the junction and may potentially impede or block flow within the 
well system, thereby potentially reducing or eliminating hydrocarbon production from a zone 
within the subterranean formation. Additionally, the infiltration of hydrocarbons through well 
bore junctions can lead to simultaneous production from multiple zones, possibly frustrating 
attempts to isolate and separately produce individual zones. Furthermore, penetration of water 
through well bore junctions into the hydrocarbon flow within the well system may necessitate 
additional costs, because the recovered hydrocarbons and any water mixed therein generally 
must be separated at the surface. 
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[0004] Conventional attempts to seal junctions of well bores have generally 
involved the placement of cement within an annulus between the formation and the junction of 
casing strings installed within each well bore. The cement forms a barrier to the formation, but 
generally does not penetrate into the formation to an appreciable distance, due to factors 
including, inter alia, the grain size of the cement and the permeability of the formation. 
Accordingly, a cement seal generally only seals the outer surface of a casing string to the face of 
the formation. Unfortunately, a cement seal may have a short useful life and is often unable to 
withstand the high temperatures and pressures typically found in subterranean well systems, 
along with stresses imparted by high fluid flows in the well bore, or by subsequent drilling 
operations conducted within the well system {e.g., the insertion and removal of a drilling string 
to and from the parent well bore, as additional lateral well bores are drilled at other locations 
lateral to the parent). Further complicating the use of cement to seal junctions is the fact that 
some form of mechanical isolation {e.g., a packer) is generally needed to prevent the accidental 
entry into the main well bore of the cement that is intended to seal the outer surface of the casing 
strings to the formation. Without the use of mechanical isolation, cement oftentimes will enter 
the main well bore, where it may need to be drilled out at additional expense, labor and time. 

[0005] Other conventional attempts to seal junctions have involved the use of 
mechanical sealing devices, such as pieces of narrower piping that fit inside the well bore at a 
junction in such a manner as to seal the junction. These mechanical sealing devices may be 
difficult to install, and are also subject to the wear and tear caused by fluid flows and drilling. 
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SUMMARY OF THE INVENTION 

[0006] The present invention relates to the completion of subterranean well bores 
in a multilateral well system. More particularly, this invention relates to the sealing of junctions 
between lateral well bores and a parent well bore. 

[0007] An example of a method of the present invention is a method for sealing 
junctions between subterranean well bores comprising the steps of: placing a sealant into a 
region of a subterranean formation surrounding a junction between a first well bore and a second 
well bore that is in fluid communication with the first well bore; and allowing the sealant to 
solidify therein. 

[0008] Another example of a method of the present invention is a method of 
producing hydrocarbons from a multilateral well having at least a first and second well bore in 
fluid communication with each other, comprising the step of placing a sealant in a desired 
location to prevent the migration of undesirable fluids and/or particulates into either the first or 
second well bore from that location. 

[0009] Another example of a method of the present invention is a method of 
preventing the flow of undesirable fluids and/or particulates into a multilateral well bore 
comprising the steps of: placing a sealant into a region of a subterranean formation surrounding a 
junction between a first well bore and a second well bore that are in fluid communication with 
each other; and allowing the sealant to penetrate into the formation to a desired depth and 
solidify therein. 

[0010] The features and advantages of the present invention will be readily 
apparent to those skilled in the art upon a reading of the description of the exemplary 
embodiments which follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1] A more complete understanding of the present disclosure and advantages 
thereof may be acquired by referring to the following description taken in conjunction with the 
accompanying drawings, wherein: 

[0012] Figure 1 illustrates an exemplary embodiment of a method of the present 
invention wherein a sealant has been placed in a region of a subterranean formation surrounding 
a junction between a first well bore and a second well bore that is in fluid communication with 
the first well bore. 

[0013] Figure 2 illustrates an exemplary embodiment of a method of the present 
invention wherein a first well bore and a second well bore that is in fluid communication with 
the first well bore are each partially drilled before the placement of sealant. 

[0014] Figure 3 illustrates an exemplary embodiment of a method of the present 
invention wherein sealant is placed in a junction between a first well bore and a second well bore 
that is in fluid communication with the first well bore, the first and second well bore each having 
been partially drilled. 

[0015] Figure 4 illustrates an exemplary embodiment of a method of the present 
invention wherein a first and a second well bore that is in fluid communication with the first well 
bore are both fully drilled after the placement of a sealant in the junction between the well bores. 

[0016] Figure 5 illustrates an exemplary embodiment of a method of the present 
invention wherein a sealant is placed in a junction between a first and second well bore that is in 
fluid communication with the first well bore, the first and second well bore each having been 
drilled to total depth. 

[0017] While the present invention is susceptible to various modifications and 
alternative forms, specific exemplary embodiments thereof have been shown by way of example 
in the drawing and are herein described. . It should be understood, however, that the description 
herein of specific embodiments is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of the invention as defined by the appended 
claims. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

i 

[0018] The present invention relates to the completion of subterranean well bores 
in a multilateral well system. More particularly, this invention relates to the sealing of junctions 
between lateral well bores and a parent well bore. 

[0019] The methods of the present invention generally comprise placing a sealant 
into a region of a subterranean formation surrounding a junction between a first well bore and a 
second well bore that is in fluid communication with the first well bore, and subsequently 
allowing the sealant to solidify in the region. The sealants used in the present invention 
generally do not comprise solid particles, and thus are able, when placed in contact with a 
subterranean formation, to penetrate the formation and solidify within the formation itself. 

[0020] The sealants used in accordance with the methods of the present invention 
generally comprise any sealing composition which can be placed within a subterranean 
formation, and injected a sufficient distance into a region of the formation surrounding a junction 
between a first well bore and a second well bore in fluid communication with the first well bore, 
so as to prevent the undesired entry of fluids or particulates into either well bore in the region 
surrounding the junction. In one embodiment, the sealant comprises a water-soluble polymer 
and a metal crosslinking agent, wherein the water-soluble polymer further comprises an acrylate 
group. Such sealants are described in U.S. Pat. Nos. 5,836,392 and 6,196,317, the relevant 
disclosures of which are hereby incorporated by reference. The water-soluble polymer generally 
comprises a water-soluble copolymer of at least one nonacidic ethylenically unsaturated polar 
monomer and at least one copolymerizable ethylenically unsaturated ester. The metal 
crosslinking agent comprises a metal ion that may be 2, 3 or 4 valent and may be of group 2A, 
3 A, 4A, 5 A, 6A, 7A, 8, 2B, 3B or 4B of the Periodic Table, e.g., Ca, Mg, Ba, Ti, Zr, Fe, Zn, Al 
or Sn; in certain preferred embodiments, the metal ion is 3 or 4 valent and is a transition metal 
such as chromium or iron. In certain exemplary embodiments, aluminum may be used. In 
certain preferred embodiments, the metal is chromium or zirconium. Generally, the metal 
crosslinking agent takes the form of a salt, e.g., an inorganic salt such as a halide (e.g., chloride, 
nitrate or sulfate), or as a carboxylate, e.g., a monodentate carboxylate, such as a hydrocarbyl 
monocarboxylate, e.g., with 1-24 carbon atoms (e.g., 2-6) in the carboxylic acid, which may be 
an alkanoic acid such as acetate. The metal may also be complexed, e.g., with a ligand, such as a 
carboxylic acid group, having at least 2, e.g., 2-4 dentate groups in particular, as described in 
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Canadian Patent 2063877, the relevant disclosure of which is herein incorporated by reference. 
Examples of suitable complexing carboxylic acids include, but are not limited to, hydroxy 
alkanoic acids, e.g., lactate, glycollate or tartrate. Where the metal crosslinking agent takes the 
form of a salt or a complex, the salt or complex is water soluble. In another embodiment, the 
sealant comprises a water-soluble polymer and an organic crosslinking agent, wherein the water- 
soluble polymer further comprises an acrylate group. Such sealants are described in, for 
example, U.S. Pat. No. 6,192,986, the relevant disclosure of which is hereby incorporated by 
reference. The organic crosslitfiking agents used in such sealants are generally free from metal 
ions, and are, in certain exemplary embodiments, water-soluble polymers, such as 
polyalkyleneimines, polyalkylenepolyamines, and mixtures thereof. In certain preferred 
embodiments, the polyalkylenepolyamines are the polymeric condensates of lower molecular 
weight polyalkylenepolyamines and a vicinal dihaloalkane. In certain preferred embodiments, 
the polyalkylenepolyamines may be polyethylenepolyamines and polypropylenepolyamines. In 
certain preferred embodiments, the polyalkyleneimines are polymerized ethyleneimines or 
polymerized propyleneimines. Other organic crosslinking agents that can be used include, but 
are not limited to, water-soluble polyfunctional aliphatic amines, aralkylamines and 
heteroaralkylamines optionally containing other hetero atoms. Commercially available examples 
of such sealants are available under the tradename "H2ZERO" from Halliburton Energy 
Services, Inc., of Duncan, Oklahoma. 

[0021] In another embodiment, the sealant comprises a crosslinking agent and a 
water-soluble polymer selected from the group consisting of: polyacrylamide; AMPS® (2- 
acrylamido-2-methylpropane sulfonic acid) / acrylamide copolymers; sulfonated styrene / maleic 
anhydride copolymers; vinylpyrrolidone / AMPS® / acrylamide terpolymers; AMPS® / N-N- 
dimethyl-acrylamide / acrylamide terpolymers; and mixtures thereof, as described in U.S. Pat. 
No. 6,176,315 Bl, the relevant disclosure of which is hereby incorporated by reference. In an 
exemplary embodiment, the crosslinking agent used in such sealant is an organic crosslinking 
agent that is generally free from metal ions; in certain exemplary embodiments, the crosslinking 
agent is a polyalkyleneimine, a polyalkylenepolyamine, or a mixture thereof. In another 
exemplary embodiment, the crosslinking agent used in such sealant is a metal crosslinking agent. 
In certain of such embodiments, the metal crosslinking agent comprises a metal ion that may be 
2, 3 or 4 valent and may be of group 2A, 3A, 4A, 5A, 6A, 7A, 8, 2B, 3B or 4B of the Periodic 
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Table, e.g., Ca, Mg, Ba, Ti, Zr, Fe, Zn, Al or Sn. In certain preferred embodiments, the metal ion 
is 3 or 4 valent and is a transition metal such as chromium or iron. In certain exemplary 
embodiments, aluminum may be used. In certain preferred embodiments, the metal is chromium 
or zirconium. Generally, the metal crosslinking agent takes the form of a salt, e.g., an inorganic 
salt such as a halide (e.g., chloride, nitrate or sulfate), or as a carboxylate, e.g., a, monodentate 
carboxylate, such as a hydrocarbyl monocarboxylate, e.g., with 1-24 carbon atoms (e.g., 2-6) in 
the carboxylic acid, which may be an alkanoic acid such as acetate. The metal may also be 
complexed, e.g., with a ligand, such as a carboxylic acid group, having at least 2, e.g., 2-4 
dentate groups in particular, as described in Canadian Patent 2063877, the relevant disclosure of 
which is herein incorporated by reference; examples of complexing carboxylic acids include, but 
are not limited to, hydroxy alkanoic acids, e.g., lactate, glycollate or tartrate. Where the metal 
crosslinking agent takes the form of a salt or a complex, the salt or complex is preferably water 
soluble. 

[0022] In another embodiment, the sealant comprises a water-soluble 
polymerizable monomer, a multifunctional monomer, and a polymerization initiator, as 
described in U.S. Pat. No. 5,335,726, the relevant disclosure of which is hereby incorporated by 
reference. A variety of water-soluble polymerizable monomers can be used with the present 
invention. Examples of such monomers include acrylic acid, methacrylic acid, acrylamide, 
methacrylamide, 2-methacrylamido-2-methyl propane sulfonic acid, 2-acrylamido-2-methyl 
propane sulfonic acid (AMPS®), N-N-dimethylacryl amide, vinyl sulfonic acid, N,N- 
dimethylaminoethylmethacrylate, 2-triethylammoniumethyl methacrylate chloride, N,N- 
dimethylaminopropylmethacrylamide, methacrylamide, methacrylamidopropyl 

trimethylammonium chloride, N-vinyl pyrrolidone, vinylphosphonic acid, methacryloyloxyethyl 
trimethylammonium sulfate, and mixtures thereof. A variety of multifunctional monomers can 
be used with the present invention, including, but not limited to, tetraethylene glycol diacrylate, 
glycerol dimethacrylate, glycerol diacrylate, ethoxylated glycerol dimethacrylate, ethoxylated 
glycerol diacrylate, propoxylated glycerol dimethacrylate, propoxylated glycerol diacrylate, 
ethoxylated glycerol trimethacrylate, ethoxylated glycerol triacrylate, propoxylated glycerol 
trimethacrylate, propoxylated glycerol triacrylate, ethoxylated trimethylol propane 
trimethacrylate, propoxylated trimethylolpropane trimethacrylate, ethoxylated 
trimethylolpropane triacrylate, propoxylated trimethylolpropane triacrylate, ethoxylated or 
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propoxylated pentaerythritol di-, tri-, or tetra- methacrylate or acrylate, methylene-bis- 
acrylamide and methylene-bis-methacrylamide. The polymerization initiator can be any suitable 
water soluble compound that forms free radicals in aqueous solutions. Such compounds include, 
but are not limited to, azo compounds, such as 4,4'-azobis (4-cyanopentanoic acid), 2,2'- 
azobis(N,N'-dimethylene isobutyramidine) dihydrochloride, 2,2'-azobis(2-amidinopropane) 
dihydrochloride, and 2,2'-azobis(2-methyl-N-(2-hydroxyethyl) propionamide); alkali metal 
persulfates, such as sodium persulfate, potassium persulfate and ammonium persulfate; 
peroxides, such as hydrogen peroxide and tertiary-butyl hydroperoxide; oxidation-reduction 
systems employing reducing agents, such as, bisulfite, sulfite, thiosulfate and metabisulfite in 
combination with oxidizers such as silver(I), copper(I), iron(III), chlorite and hydrogen peroxide. 
In another exemplary embodiment, the sealant comprises a self-crosslinking, water-soluble 
hydroxy unsaturated carbonyl, and a polymerization initiator, as described in U.S. Pat. No. 
5,358,051, the relevant disclosure of which is hereby incorporated by reference. A non-limiting 
list of self-crosslinking, water-soluble hydroxy unsaturated carbonyls may include 
hydroxyethylacrylate, hydroxymethylacrylate, hydroxyethylmethacrylate, N- 

hydroxymethylacrylamide, N-hydroxymethylmethacrylamide, polyethylene glycol acrylate, 
polypropylene glycol acrylate, polyethylene glycol methacrylate, polypropylene glycol 
methacrylate, and mixtures thereof. The polymerization initiator can be any suitable water 
soluble compound that forms free radicals in aqueous solutions. Such compounds include, but 
are not limited to, azo compounds, such as 4,4'-azobis (4-cyanopentanoic acid), 2,2'- 
azobis(N,N'-dimethylene isobutyramidine) dihydrochloride, 2,2'-azobis(2-amidinopropane) 
dihydrochloride, and 2,2'-azobis(2-methyl-N-(2-hydroxyethyl) propionamide); alkali metal 
persulfates, such as sodium persulfate, potassium persulfate and ammonium persulfate; 
peroxides, such as hydrogen peroxide and tertiary-butyl hydroperoxide; oxidation-reduction 
systems employing reducing agents, such as, bisulfite, sulfite, thiosulfate and metabisulfite in 
combination with oxidizers such as silver(I), copper(I), iron(III), chlorite and hydrogen peroxide. 
Commercially available examples of the sealants described in this paragraph are available under 
the tradename "PERMSEAL" from Halliburton Energy Services, Inc., of Duncan, Oklahoma. 

[0023] In another embodiment, the sealant comprises an aqueous alkali metal 
silicate solution and a delayed activator, commercially available under the tradename 
"INJECTROL" from Halliburton Energy Services, Inc., of Duncan, Oklahoma, and described in 
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U.S. Pat. Nos. 3,375,872, 5,320,171, and 6,059,036, the relevant disclosures of which are hereby 
incorporated by reference. A variety of alkali metal silicates can be utilized in accordance with 
the present invention, including, but not limited to, sodium silicate, potassium silicate, lithium 
silicate, rubidium silicate, and cesium silicate. A variety of delayed activators may be used in 
accordance with the present invention. For example, if the required time delay between when 
the sealing composition is prepared and when it sets is relatively short, any of a variety of esters 
that undergo hydrolysis in the presence of water and form acids can be used. Examples of such 
suitable esters are triethyl citrate, ethyl acetate and ethyl glutamate. Other useful delayed 
activators include, but are not limited to, sodium acid pyrophosphate, lactose, and urea. 

[0024] In another embodiment, the sealant comprises an epoxide-containing 
material and a hardening agent, such as those described in U.S. Pat. Nos. 5,873,413, 5,875,844, 
5,875,845, 5,875,846, 5,911,282, 5,957,204, 5,969,006, 6,006,836, 6,012,524, 6,059,035, 
6,068,055,6,231,664 6,279,652, 6,321,841, 6,367,549, and 6,503,870, the relevant disclosures 
of which are hereby incorporated by reference. A variety of epoxide-containing materials may 
be suitable for use with the present invention, including, but not limited to, diglycidyl ethers of 
1,4-butanediol, neopentyl glycol and cyclohexane dimethanol. A variety of hardening agents can 
be utilized with the epoxide-containing material, including, but not limited to, aliphatic amines, 
aliphatic tertiary amines, aromatic amines, cycloaliphatic and heterocyclic amines, amido 
amines, polyamides, polyethyl amines, and carboxylic acid anhydrides. Examples of suitable 
aliphatic amines are triethylenetetramine, ethylenediamine, N-cocoalkyltrimethylene diamine, 
isophorone diamine, N-aminoethyl piperazines, imidazoline, and 1,2-diaminecyclohexane. 
Examples of suitable carboxylic acid anhydrides are methyltetrahydrophthalic anhydride, 
hexahydrophthalic anhydride, maleic anhydride, polyazelaic polyanhydride, and phthalic 
anhydride. In another embodiment, the sealant comprises an epoxy resin and a hardening agent. 
Such sealants are further described in U.S. Pat. Nos. 6,006,835, 6,124,246, 6,244,344, 
6,271,181, 6,330,917, 6,350,309, 6,401,817, 6,448,206, and 6,555,507, the relevant 
disclosures of which are hereby incorporated by reference. In another embodiment, the sealant 
comprises an epoxy resin and a gas; such sealants are further described in U.S. Patent No. 
6,069,1 17, the relevant disclosure of which is hereby incorporated by reference. 

[0025] In another embodiment, the sealant comprises a water-dispersible 
acrylamide-containing polymer and a water-dispersible crosslinker, the crosslinker comprising 
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an aldehyde and a material selected from the group consisting of phenol, a salicylic acid 
derivative, phenyl acetate, resorcinol, and hydroquinone. The acrylamide-containing polymer is 
generally present in the sealant in an amount in the range of from about 0.2% to about 7% by 
weight of the sealant. Generally, the aldehyde is present in the sealant in an amount in the range 
of from about 0.05% to about 1% by weight of the sealant. In certain exemplary embodiments 
wherein the material comprises phenol, phenyl acetate, resorcinol, or hydroquinone, the material 
is generally present in the sealant in an amount in the range of from about 0.1% to about 1% by 
weight of the sealant. A nonlimiting list of suitable water-dispersible acrylamide-containing 
polymers includes homopolymers of acrylamide monomers, and copolymers of acrylamide 
monomers with an ethylenically unsaturated monomer selected from the group consisting of 
acrylic acid, methacrylic acid, vinyl sulfonic acid, vinyl benzyl sulfonic acid, vinyl acetate, 
acrylonitrile, methyl acrylonitrile, vinyl alkyl ether, vinyl chloride, maleic anhydride, vinyl 
substituted cationic quatenary ammonium compounds, 2-acrylamido-2-methylpropane sulfonic 
acid (AMPS®), sodium 2-acrylamido-2-methylpropane sulfonate, and vinyl pyrrolidone. The 
aldehyde used in the crosslinker can be any water-dispersible aldehyde. In one exemplary 
embodiment, the salicylic acid derivative is selected from the group consisting of salicylamide 
and acetylsalicylic acid. Such sealants are described in U.S. Pat. No. 4,934,456, the relevant 
disclosure of which is hereby incorporated by reference. 

[0026] In another embodiment, the sealant comprises water, an amine-based 
polymer, a polysaccharide-based polymer; and an oxidizing agent, as described in commonly- 
owned U.S. Patent Application Serial Number 10/727,365, entitled "Well Treatment Fluid and 
Methods with Oxidized Polysaccharide-Based Polymers," filed on December 4, 2003, the 
relevant disclosure of which is hereby incorporated by reference. In certain exemplary 
embodiments, the amine-based polymer comprises at least one member selected from the group 
consisting of chitosan, chitosan salts, oxidized chitosan, poly(vinyl alcohol-vinyl amine), 
polylysine, polyethyleneimine, and mixtures thereof. In certain exemplary embodiments, the 
polysaccharide-based polymer is selected from the group consisting of: starch, cellulose, agarose, 
partially acetylated cellulose, hydroxyethylcellulose, gum, and mixtures thereof. Examples of 
suitable gums include, but are not limited to, guar, locust bean gum, gum arabic, tragacanth, 
gutta percha, xanthan salts, alginate salts, carrageenan, scleroglucan, and mixtures thereof. In 
certain exemplary embodiments, the oxidizing agent is selected from the group consisting of: 
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alkali, alkaline earth and transition metal salts of materials selected from the group consisting of: 
periodate, hypochlorite, perbromate, chlorite, chlorate, hydrogen peroxide, soluble peroxide 
salts, persulfate salts, percarboxylic acids, oxyhalo acids, and mixtures thereof. 

[0027] In another embodiment, the sealant comprises an oxidized chitosan-based 
compound and a water-soluble compound having carbonyl groups, as described in U.S. Pat. App. 
No. 10/394,898, filed on March 21, 2003, the relevant disclosure of which is hereby incorporated 
by reference. In an exemplary embodiment, the water-soluble compound having carbonyl 
groups includes a saturated or unsaturated acrylamide-based polymer. In certain exemplary 
embodiments, the acrylamide-based polymer is selected from the group consisting of: partially 
hydrolyzed polyacrylamide (PHP A); a copolymer of acrylamide and t-butyl acrylate; acrylamide 
/AMPS® copolymer, and mixtures thereof. In another exemplary embodiment, the water-soluble 
compound having carbonyl groups includes oxidized starch. 

[0028] In another embodiment, the sealant may comprise water, lignosulfonate, 
and a dichromate. In certain exemplary embodiments, the sealant may further comprise other 
additives, including, but not limited to, calcium chloride. One of ordinary skill in the art, with 
the benefit of this disclosure, will recognize the appropriate amount of a particular additive to 
include for a particular application. In an exemplary embodiment, the lignosulfonate is present 
in the sealant in an amount in the range of from about 2% to about 3% by weight of the sealant. 
In an exemplary embodiment, the dichromate is sodium dichromate. In an exemplary 
embodiment, the dichromate is present in the sealant in an amount in the range of from about 
0.5% to about 3% by weight of the sealant. 

[0029] In another embodiment, the sealant may comprise a hardenable organic 
consolidating fluid comprising a hardenable organic resin and a resin-to-sand coupling agent, 
commercially available from Halliburton Energy Services, Inc., of Duncan, Oklahoma, under the 
tradename "SANFIX," and described in U.S. Pat. No. 4,042,032, the relevant disclosure of 
which is hereby incorporated by reference. In certain exemplary embodiments, the hardenable 
organic resin is selected from the group consisting of: epoxy resins; phenol-aldehyde resins; 
furfuryl alcohol resins; and urea-aldehyde resins. In certain exemplary embodiments, the resin- 
to-sand coupling agent is an aminosilane compound selected from the group consisting of: 
gamma-aminopropyltriethoxysilane; N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane; 
N-beta-(aminoethyl)-N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane; N-beta- 
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(aminopropyl)-N-beta-(aminobutyl)-gamma-aminopropyltriethoxysilane; di-N-(beta- 
aminoethyl)-gamma-aminopropyltrimethoxysilane; N-beta-(aminoethyl)-gamma-aminopropyl- 
trimethoxysilane; N-beta-(aminoethyl)-N-beta-(aminoethyl)-gamma- 
aminopropyltrimethoxysilane; and N-beta-(aminopropyl)-gartima-aminopropyltriethoxysilane. 
In certain exemplary embodiments, the hardenable organic consolidating fluid is caused to 
harden by contacting the consolidating fluid with a hardening agent. The hardening agent can be 
included in the consolidating fluid composition (often referred to as "internal hardening agents") 
or the consolidating fluid can be contacted with the hardening agent ("external hardening 
agents") after the consolidating fluid has been placed in the subterranean formation being treated. 
Internal hardening agents may be selected such that the consolidating fluid hardens after a period 
of time sufficient to place the consolidating fluid in the subterranean formation. In one 
exemplary embodiment, the consolidating fluid placed in a formation in accordance with the 
methods of the present invention is hardened by introducing an overflush solution containing an 
external hardening agent into the formation after the consolidating fluid has beed placed therein. 
Suitable hardening agents for consolidating fluid compositions containing epoxy resins include, 
but are not limited to, amines such as dimethylaminopropylamine, benzyldimethylamine, 
diethylaminopropylamine, diethylenetriamine, metaxylene diamine, metaphenylene diamine, 
diaminodiphenylmethane, piperidine, tridimethylaminomethylphenol; acid anhydrides such as 
oxalic anhydride, phthalic anhydride, pyromellitic dianhydride, dodecynyl succinic anhydride, 
hexahydrophthalic anhydride and methylbicyclo-(2,2,l)-5-heptene-2-3-dicarboxylic anhydride, 
and polymercaptans. Examples of internal hardening agents which can be used with 
consolidating fluids containing furfuryl alcohol resin, phenolaldehyde resins and urea-aldehyde 
resins include, but are not limited to, hexachloroacetone, 1,1,3-trichloro-trifluoroacetone, 
benzotrichloride, benzyl chloride, and benzal chloride. Examples of external hardening agents 
for consolidating fluids including furfuryl alcohol resin, phenol-aldehyde resins and urea- 
aldehyde resins include, but are not limited to, acyl halide compounds such as phthaloyl chloride, 
fumaryl chloride, and benzoyl chloride; halogenated organic acids and acid-producing chemicals 
such as trichloro-acetic acid, benzotrichloride, acetic acid, and formic acid; and inorganic acids 
such as hydrochloric acid. In certain exemplary embodiments, hardening agents selected from 
the group consisting of inorganic acids, organic acids and acid-producing chemicals are used. 
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[0030] One of ordinary skill in the art, with the benefit of this disclosure, will be 
able to identify an appropriate sealant for a chosen application. 

[0031] In one exemplary embodiment of a method of the present invention, a 
sealant (illustrated at 120 in Figure 1) is placed into a region of a subterranean formation 
surrounding a junction between a parent well bore 100 and a lateral well bore 105 or 110 that is 
in fluid communication with parent well bore 100, and allowed to solidify therein. The amount 
of sealant to be injected is a function of several variables, including the particular sealant 
selected for use, the volume of the region of the subterranean formation to be treated, and 
physical properties of the subterranean formation such as permeability and porosity. One of 
ordinary skill in the art, with the benefit of this disclosure, will be able to determine the 
appropriate amount of sealant to be injected for a particular application. Generally, the sealant is 
injected at a pressure sufficient to inject the sealant into the formation to a desired depth without 
causing unintended formation fracturing. In certain exemplary embodiments, the sealant is 
injected into the subterranean formation surrounding the junction to a depth sufficient to resist 
the flow of undesired fluids from the formation into the well bore. In certain exemplary 
embodiments, the sealant is injected into the subterranean formation surrounding the junction to 
a depth of greater than about two inches therein. In certain exemplary embodiments, the sealant 
is injected into the subterranean formation surrounding the junction to a depth of up to about 
fifteen feet therein. Among other benefits, such a depth of injection may reduce the wear and 
tear on the solidified sealant during its life. 

[0032] An exemplary embodiment of a method of the present invention is 
illustrated in Figures 2-4. Referring now to Figure 2, a portion of parent well bore 200 is drilled, 
and a portion of lateral well bore 210 is drilled. Referring now to Figure 3, sealant 220 is then 
introduced, and permitted to penetrate the formation around the junction of well bores 200 and 
210, and solidify therein. As illustrated in Figure 4, drilling of lateral well bore 210 and of 
parent well bore 200 may then be completed. Among other benefits, the use of the sealants of 
the present invention eliminates the need to use mechanical isolation to prevent the sealant from 
entering parent well bore 200 or lateral well bore 210. Any sealant 220 that does remain within 
either well bore 200 or 210 will be washed out when drilling operations are resumed, or will be 
easily drilled through. 
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[0033] In an exemplary embodiment of the present invention illustrated in Figure 
5, an operator may elect to completely drill one or all lateral well bores 510, and may elect to 
completely drill the parent well bore 500, before placing a sealant 520 of the present invention in 
the junctions between lateral well bores 510 and parent well bore 500. In certain of these 
embodiments, a form of mechanical isolation is used, such as open hole packer 530, or a gel plug 
(not shown), for example, to control the placement of sealant 520 in the formation (e.g., to 
ensure that the majority of sealant 520 penetrates and solidifies in the region of the formation 
surrounding the junction). In certain of these embodiments, the installation of casing strings (not 
shown) occurs after placement and solidification of sealant 520. 

[0034] Accordingly, certain exemplary embodiments of the present invention 
provide a method for sealing junctions between subterranean well bores comprising the steps of: 
placing a sealant into a region of a subterranean formation surrounding a junction between a first 
well bore and a second well bore that is in fluid communication with the first well bore; and 
allowing the sealant to penetrate into the formation to a desired depth and solidify therein. In 
certain exemplary embodiments, the solidified sealant prevents undesired fluids or particulates 
from entering either the first or the second well bore in the region of the junction. The sealant 
may be placed in the region of the formation surrounding the junction by any means suitable to 
inject the sealant to a desired location. A nonlimiting list of additional steps may include, for 
example: drilling a portion of the first well bore and/or a portion of the second well bore; drilling 
out a portion of the solidified sealant from within the first and/or the second well bore; installing 
casing within a portion of the first and/or the second well bore; injecting cement into the annulus 
between the formation and the first and/or the second well bore; and permitting the cement to set 
therein. 

[0035] Another example of a method of the present invention is a method of 
producing hydrocarbons from a multilateral well having at least a first and second well bore in 
fluid communication with each other, comprising the step of placing a sealant in a desired 
location to prevent the migration of undesirable fluids and/or particulates into either the first or 
second well bore from that location. 

[0036] Another example of a method of the present invention is a method of 
preventing the flow of undesired fluids and/or particulates into a multilateral well bore 
comprising the steps of placing a sealant into a region of a subterranean formation surrounding a 
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junction between a first well bore and a second well bore that are in fluid communication with 
each other; and allowing the sealant to penetrate into the formation to a desired depth and 
solidify therein. 

[0037] Therefore, the present invention is well adapted to carry out the objects 
and attain the ends and advantages mentioned as well as those which are inherent therein. While 
the invention has been depicted, described, and is defined by reference to exemplary 
embodiments of the invention, such a reference does not imply a limitation on the invention, and 
no such limitation is to be inferred. The invention is capable of considerable modification, 
alternation, and equivalents in form and function, as will occur to those ordinarily skilled in the 
pertinent arts and having the benefit of this disclosure. The depicted and described embodiments 
of the invention are exemplary only, and are not exhaustive of the scope of the invention. 
Consequently, the invention is intended to be limited only by the spirit and scope of the 
appended claims, giving full cognizance to equivalents in all respects. 
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